Three Lactobacillus-like strains, NB53
T , NB446 T and NB702, were isolated from traditional fermented food in Thailand. Comparative 16S rRNA gene sequence analysis indicated that these strains belong to the Lactobacillus plantarum group. Phylogenetic analysis based on the dnaK, rpoA, pheS and recA gene sequences indicated that these three strains were distantly related to known species present in the L. plantarum group. DNA-DNA hybridization with closely related strains demonstrated that these strains represented two novel species; the novel strains could be differentiated based on chemotaxonomic and phenotypic characteristics. Therefore, two novel species of the genus Lactobacillus, Lactobacillus plajomi sp. nov. (NB53  T ) and Lactobacillus modestisalitolerans sp. nov. ( The genus Lactobacillus comprises, at the time of writing, more than 170 species of phenotypically heterogeneous (http://www.bacterio.net/), facultatively anaerobic, Grampositive bacteria that produce lactic acid. Lactobacilli can be isolated from various habitats including plants, animals, humans and artificial environment. In 2013, nine novel species and subspecies of the genus Lactobacillus were isolated from fermented food in Burkina Faso (Adimpong et al., 2013) , China (Gu et al., 2013a, b; Zou et al., 2013) , Korea (Kim et al., 2013; Yi et al., 2013) and Vietnam (Nguyen et al., 2013) ; this indicates that fermented foods are among the preferred habitats for lactobacilli.
To date, several novel species of lactic acid bacteria (LAB), including Lactobacillus acidipiscis and Weissella thailandensis (Tanasupawat et al., 2000) , Enterococcus camelliae (Sukontasing et al., 2007) , Lactobacillus camelliae, Lactobacillus thailandensis and Pediococcus siamensis (Tanasupawat et al., 2007) , Enterococcus thailandicus (Tanasupawat et al., 2008) and Lactobacillus similis (Kitahara et al., 2010) , have been found in Thai fermented foods.
Various fermented foods are popular in Thailand, and they account for the unique flavour and taste of Thai cuisine. During our investigation of the diversity of LAB in traditional Thai fermented foods (Miyashita et al., 2012) , we found that three Lactobacillus strains isolated from Pla-jom, Pla-som (fermented fish) and Mum (fermented meat) could not be assigned to any known species. In this study, we investigated the taxonomic position of these strains.
For the isolation of LAB from Thai fermented food, we used de Man Rogosa Sharpe (MRS) medium (Merck) with various NaCl concentrations (0-15 %) and adjusted to different pH (4.0-10.0). The samples were diluted with saline solution and inoculated on MRS agar plates. The plates were incubated at 30 8C under anaerobic conditions maintained by the AnaeroPack system (Mitsubishi Gas Chemical). Colonies were transferred repeatedly onto new agar plates to obtain pure cultures. Strains NB53 T and NB446
T were obtained from MRS agar plates with 5 % NaCl adjusted to pH 6.0, and strain NB702 was obtained from MRS agar plates lacking NaCl adjusted to pH 6.0. The strains used in this study are listed in Table S1 (available in the online Supplementary Material).
The almost-complete 16S rRNA gene sequences, ranging from positions 28 to 1494 of the Escherichia coli numbering system (Brosius et al., 1978) , were determined as previously described (Nakagawa et al., 2002) . The dnaK genes were amplified using the primers Lpdnak-500F3 and Lpdnak-1710R5 (Huang et al., 2010) , the pheS and rpoA genes were amplified using pheS-21-F/pheS-23-R or rpoA-21-F/rpoA-23-R primer combinations, respectively (Naser et al., 2005) , and the recA genes were amplified using the primers recEXT-f and recEXT1-r (Dellaglio et al., 2005) . The resulting sequences were aligned with those of representative LAB using CLUSTAL X, version 2.1 (Thompson et al., 1997) , and then modified manually using the BioEdit sequence alignment editor, version 7.2.5 (Hall, 1999) . Calculation of sequence similarities was performed using GENETYX, version 12.0.1. Phylogenetic trees were reconstructed using the neighbour-joining method (Saitou & Nei, 1987) .
Maximum-likelihood (Felsenstein, 1981) and maximumparsimony (Fitch, 1971 (Fitch, , 1977 phylogenetic trees were reconstructed using the MEGA software package, version 5.0 (Tamura et al., 2011) , with the method of max-mini branch-&-bound and nearest neighbour for each maximumparsimony and maximum-likelihood analysis according to the Kimura two-parameter model (Kimura, 1980) . Alignment gaps and unidentified nucleotide positions were not considered in the calculations. Tree topology was evaluated by using the bootstrap resampling method (Felsenstein, 1985) with 1000 replicates. DNA G+C content was determined according to the protocol of Mesbah et al. (1989) , and is shown as the mean value of three measurements. DNA-DNA hybridization between the new isolates and their closest phylogenetic neighbours was performed in microplate wells using photobiotin-labelled probes (Ezaki et al., 1989) .
Analysis of 16S rRNA gene sequences showed that the three isolates belonged to the Lactobacillus plantarum group, which consisted of Lactobacillus fabifermentans, L. mudanjiangensis, L. paraplantarum, L. pentosus, L. plantarum subsp. argentoratensis, L. plantarum subsp. plantarum and L. xiangfangensis (Fig. 1) . The 16S rRNA gene sequence of strain NB53
T exhibited highest similarity (99.1 %) with those of strains NB446 T and NB702, followed by the type strains of L. plantarum subsp. plantarum and L. plantarum L. plantarum group in all trees reconstructed with the neighbour-joining method (Figs. 1 and S1-4). The trees obtained by the maximum-likelihood and maximumparsimony methods were highly concordant (data not shown). Strain NB53 T had low DNA-DNA relatedness (from 4 to 23 % and from 13 to 29 % in reciprocal hybridizations) with the type strains of species of the L. plantarum group, strain NB446 T and strain NB702. These data indicate that strain NB53
T was distinct from known species of the L. plantarum group.
The 16S rRNA gene sequence of strain NB446
T was identical to that of strain NB702, and showed highest similarity (99.1 %) to strain NB53 T , followed by the type strains of L. plantarum subsp. plantarum (98.7 %), L. plantarum subsp. argentoratensis (98.7 %), L. pentosus (98.6 %), L. xiangfangensis (98.5 %), L. paraplantarum (98.5 %), L. fabifermentans (97.7 %) and L. mudanjiangensis (96.8 %). Levels of dnaK, pheS, rpoA and recA gene sequence similarity between strains NB446
T and NB702 were 99.1, 99.7, 100 and 99.7 %, respectively. Strain NB446
T shared 84.3-88.1, 80.1-83.6, 91.9-93.6 and 81.0-85.1 % dnaK, pheS, rpoA and recA gene sequence similarity, respectively, with the type strains of species of the L. plantarum group and strain NB53 T . Strains NB446 T and NB702 occupied a distinct position in each of the trees estimated by the neighbour-joining method. The trees obtained by the maximum-likelihood and maximum-parsimony methods showed a very similar topology (data not shown). DNA-DNA relatedness between strains NB446
T and NB702 was sufficiently high (85 %) to indicate that they represent a single species. DNA-DNA relatedness between strain NB446
T and the type strains of species of the L. plantarum group and strain NB53 T ranged from 8 to 17 % (and from 4 to 24 % for the reciprocal hybridization). The results indicate that strain NB446
T represents a distinct species.
After growing the bacteria on MRS plates for 24 h at 30 8C, cell morphology and spore formation were determined by Gram staining and phase-contrast microscopy (model AX70; Olympus). MRS agar plates, incubated at 30 8C for 48 h under anaerobic conditions, were used to observe colony morphology. Gas production from glucose was analysed in MRS broth using inverted Durham tubes. Motility was investigated in MRS soft agar stabs (0.15 % agar). Catalase activity was determined by treating the cells with 3 % H 2 O 2 . Dextran production was investigated on SYP agar plates containing 2 % sucrose, 10 % yeast extract, 10 % peptone, 5 % sodium acetate, 0.5 % Tween 80, 0.02 % magnesium sulfate, 0.001 % manganese sulfate, 0.001 % ferrous sulfate, 0.001 % sodium chloride and 1.5 % agar. The formation of lactic acid isomers was determined by an enzymic assay using the D-/L-lactate test kit (Roche Diagnostics). The effects of temperature, pH and NaCl on bacterial growth were observed in the range 5-50 8C (5 8C increments; 37 8C analysed separately), pH 3.5-10.0 (0.5 pH unit increments, 30 8C), and 0-15 % NaCl (1 % increments; pH 7.5, 30 8C) in MRS broth under aerobic conditions for up to 2 weeks. Bile-aesculin tolerance and hydrolysis of aesculin in the presence of 40 % bile was investigated by growing the isolates on Bile Aesculin Agar (SigmaAldrich). Sheep's blood agar plates (Nissui Pharmaceutical) were used to determine haemolytic ability. Pyruvate utilization was detected in broth medium composed of 1 % tryptone, 0.5 % yeast extract, 0.5 % K 2 HPO 4 , 0.5 % NaCl, 1 % sodium salt of pyruvic acid and 0.004 % bromothymol blue (Gross et al., 1975) . Tolerance to tellurite was tested on MRS agar containing 0.02 % potassium tellurite. The API 50 CH system (bioMérieux) was used to test for carbohydrate fermentation. Nitrate and nitrite reduction, VogesProskauer reaction, H 2 S production, indole production and urease production were determined using the API 20E system. Deamination of arginine, hydrolysis of hippurate and pyrrolidonyl arylamidase production were performed using the API Campy system. API tests were performed according to the manufacturer's instructions in duplicate; the API 50 CH and API 20E strips were incubated at 30 8C and were read after 48 h, and the API Campy strips were incubated at 30 8C and read after 24 h.
Cells of strains NB53 T , NB446
T and NB702 were Gramstain-positive, non-motile, non-spore-forming, facultatively anaerobic rods (Fig. S5) , and were catalase-negative and did not produce gas from glucose. The temperature and pH growth patterns, NaCl tolerance and carbohydrate utilization of these three strains were different from those of related species. The NaCl tolerance of strains NB446 T and NB702 was slightly higher than that of related species. The discriminative phenotypic characteristics between strains NB53
T , NB446 T and NB702 and their phylogenetic relatives are given in the species descriptions and in Table 1 .
Whole-cell protein extracts of strains NB53 T , NB446
T and NB702 and their phylogenetic relatives were analysed by matrix-assisted laser desorption/ionization time-of-flight MS (MALDI-TOF MS) using a Microflex LT mass spectrometer (Bruker Daltonics) equipped with an N 2 laser. Samples were prepared by ethanol/formic acid extraction according to the protocol of Bruker Daltonics described by Mellmann et al. (2008) . The MALDI-TOF MS spectra were analysed and a dendrogram was generated using the BioTyper software, version 3.1 (Bruker Daltonics). Strains NB53 T , NB446
T and NB702 occupied a distinct position in the MALDI-TOF MS dendrogram (Fig. S6) .
Fatty acid methyl esters were prepared and analysed according to the standard protocol of the Microbial Identification System (Microbial ID) and GC-MS (model 5973; Agilent). Bacteria, grown in MRS broth for 2 days at 30 8C, were washed with saline solution until the supernatant appeared clear. The fatty acid profiles of strains NB53 T , NB446
T and NB702 and phylogenetically related species are shown in Table S2 . The presence of diaminopimelic acid in the cell-wall peptidoglycan was determined by TLC (Hasegawa et al., 1983) .
Based on phenotypic analysis, chemotaxonomic characteristics, phylogenetic relationships and DNA-DNA relatedness, we propose two novel species of the genus Lactobacillus, Lactobacillus plajomi sp. nov. for isolate NB53
T and Lactobacillus modestisalitolerans sp. nov. for isolates NB446
T and NB702.
Description of Lactobacillus plajomi sp. nov.
Lactobacillus plajomi (pla.jom9i. N.L. gen. n. plajomi of Pla-jom, referring to the isolation of the type strain from a traditional fermented fish product in Thailand).
Cells are Gram-stain-positive, non-motile, nonspore-forming, facultatively anaerobic rods, 0.4-0.6 mm in diameter and 1.0-3.0 mm in length. After 48 h of cultivation at 30 uC on MRS agar plates under anaerobic conditions, colonies appear white to beige, with a smooth surface, circular and approximately 0.5-1.5 mm in diameter. Catalase-negative. Growth occurs at 15-37 uC (weakly at 40 uC; optimum at 30-35 uC), at pH 4.0-7.5 (optimum at pH 6.0-6.5) and with 0-8 % NaCl (delayed at 9-10 %; optimum in the absence of NaCl). Gas is not produced from glucose. Both lactic acid isomers are synthesized (more than 91 % of D-lactate). Acid is produced from Cells are Gram-stain-positive, non-motile, non-spore-forming, facultatively anaerobic rods, 0.5-0.8 mm in diameter and 1.2-2.5 mm in length. After 48 h of cultivation at 30 uC on MRS agar plates under anaerobic conditions, colonies appear white to yellowish beige, with smooth surface, circular to slightly irregular and approximately 1-2.5 mm in diameter. Catalase-negative. Growth occurs at 15-40 uC (weakly or delayed at 10 uC; optimum at 30-37 uC), at pH 3.5-7.5 (optimum at pH 6.5-7.0; growth at pH 8.0 is strain-dependent) and with 0-9 % NaCl (delayed at 10 %; optimum in the absence of NaCl). Gas is not produced from glucose. Both lactic acid isomers are synthesized (more than 65 % of D-lactate). Acid is produced from tol, 2-ketogluconate or 5-ketogluconate. Aesculin is hydrolysed. Dextran is not produced from sucrose. Positive for Voges-Proskauer test, tellurite tolerance, bile-aesculin tolerance test and deamination of arginine. Negative for H 2 S and indole production, urease and pyrrolidonyl arylamidase activity, hydrolysis of gelatin and hippurate, nitrate and nitrite reduction, haemolysis and pyruvate utilization. Hydrolysis of aesculin in the presence of 40 % bile is weakly positive. The major cellular fatty acids are C 18 : 1 v9c, C 19 : 0 cyclo v10c, C 16 : 0 and C 18 : 1 (v6c and/or v7c). The cell-wall peptidoglycan contains mesodiaminopimelic acid.
The type strain is NB446 T (5NBRC 107235 T 5BCC 38191 T ) isolated from Pla-som (fermented fish) collected in Surin, Thailand. Strain NB702, isolated from Mum (fermented meat), is a second strain of the species. The DNA G+C content of the type strain is 48.0 mol %.
